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Introduction: MiniSAR onboard Chandrayan-1’s
mission is a hybrid polarimetric synthetic aperture ra-
dar operating at S-band (2.38 GHz). Stokes parameters
(S1, Sz, Sz, S4) formed by using raw MiniSAR data
{ILH]*, [ILV], Re (LH LV"), Im (LH LV")} are used to
retrieve various child parameters, like circular polari-
zation ratio (CPR), Degree of polarization (m), etc [1].
Out of these parameter, CPR>1 is considered as the
most important measure for finding water-ice deposits.
However, this suggestion is hampered by the fact that
surface roughness may also cause this behavior to oc-
cur [2]. Therefore, it is challenging to distinguish
whether CPR>1 is caused due to surface roughness or
due to water-ice deposits. In order to resolve this con-
fusion, fractal dimension ‘D’ has been measured [3,4]
and an attempt has been made to distinguish two re-
gions having CPR>1 due to water ice deposits or sur-
face roughness by using fractal based approach which
may be helpful in retrieving roughness information.
For both of these regions, electrical and physical prop-
erties like real and imaginary part of dielectric constant
[5,6], regolith bulk density [6,7], and loss tangent [6],
have been retrieved.

Fractal Dimension: For defining the roughness of
any natural surface, fractal dimension ’D’ can be used
because of its unique properties like, scale invariance
and self similarity [3,4]. It defines the irregularity and
roughness of any surface with its values lie in between
2.0 to 3.0. With increase in surface roughness, value of
‘D’ increases. In this paper, local fractal dimension ‘D’
has been measured with Triangular Prism Surface Area
Method (TPSAM) for first Stokes vector (S;) [8]. The
effect of window size has also been observed on frac-
tal dimension D by varying window size from 5x5 to
window size 15x15. It has been observed that statis-
tical parameters, like mean and standard deviation of D
are constant (i.e., 2.15 and 0.1163) for window size 5
to 7. Then again, from window size 9 to 15, mean and
standard deviation remain constant (i.e., 2.17 and
0.092). Due to small standard deviation in D values,
window size 9 has been selected in this study [8].
Here, in this paper, D<2.17 has been selected as the
criterion to obtain smooth regions.

Physical Properties: The real part of dielectric
constant of lunar surface has been determined by using
Campbell’s approach [5],
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where ¢ is the incidence angle of radar wave.
Bulk density of regolith can be determined as [7],
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Loss tangent can be expressed as [6],
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Imaginary part of dielectric constant can be determined
as,
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Theoretical Background and Methodology:

The CPR>1 signature may be caused either due to
surface roughness or due to possible water-ice depo-
sits. Thus, in this paper, an approach based on fusing
the information of CPR and Fractal Dimension D has
been proposed for studying the electrical properties of
lunar surface.

This study has been performed on MiniSAR data
of Peary crater which is large irregular shaped impact
crater (diameter 77.7 km) located at 88.6° N, 33° E.

After obtaining regions with CPR>1, local fractal
dimension ‘D’ of first Stokes vector (S;) is measured
with TPSAM using window size 9x9 and D values
have been observed in these regions. The local fractal
dimension D may prove beneficial in accesing rough-
ness information based on its values. Now, the crite-
rion D<2.17 has been applied in order to segregate
smooth regions from rough regions. Thus, regions with
CPR>1 and D<2.17 (representing smooth regions)
may have possibility of water-ice deposits, whereas
regions having CPR>1 and D>2.17 may represent
rough regions where CPR>1 is possibly occurring due
to double-bounce effect takes place in rough blocky
surface [9]. Thus, CPR>1 regions can be segregated in
two parts:

i. Region 1: Probable icy regions : CPR>1, D<2.17
ii. Region 2: Rough blocky regions: CPR>1, D>2.17

For each of these regions, electrical properties de-
scribed in (1)-(4) have been estimated.

Analysis:

The results of physical properties measured by (1)-
(4) are presentented in Table-1. In order to examine
the physical properties more elaborately six regions
(ROIs) have been selected on the floor of Peary crater
which are shown in Fig.1. The result of each electrical
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and physical parameter for these 6 regions are shown
in Fig. 2-5. The results show that for each of the se-
lected ROIs, the values of physical properties like €',
€", tand and p are less in region 1 than that of region 2 .
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Table 1. Result of electrical properties measured for
both regions
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Fig. 3 Imaginary part of dielectric constant of both the re-
gions for selected ROIs.

—+—Region 1

—B—Region2
D.008

vooss ——ik \!
0.007 L > S

0.006

0.0055

0.005

Property Region 1 Region 2
£ 3.26 3.41

£ 0.026 0.032
tand 0.0073 0.0079
p(g/em’) 1.77 1.83

33°E38°30E 44°E  49°30°E 60°30E

S5°E

88°N

38°30°E

1630 22 270 33
Fig. 1 S, image showing selected region of interest (ROI)
areas on MINISAR data of Peary crater
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Fig. 2 Real part of dielectric constant of both the regions for
selected ROIs.
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Fig. 4 Loss tangent of both the regions for selected ROIs.
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Fig. 5 Regolith density of both the regions for selected ROIs.



